\H INSTANTANEOUS AC VOLTAGE 
AND WAVEFORM STABILIZER 

HERBERT BRUCE COOK 







ScHo^ 



Artisan Gold Lettering & Smith Bindery 

593 - 15th Street Oakland, Calif. GLencourt 1-9827 



DIRECTIONS FOR BINDING 



BIND IN 


LETTERINGt&^CK 
TO BE EXACTLY AS 


(CIRCLE ONE) 


PRINTED HERE. 


BUCKRAM 


COOK 


8854 

COLOR NO. 


FABRIKQID 




COLOR . 


1954 


LEATHER 

COLOR 


Thesis 


OTHER INSTRUCTIONS 


C747 


Letter in gold. 


Letter on the front 


cover: 


AN INSTANTAN5 


OUS AC VOLTAGE 


AND WAVEFOE 


M STABILIZER 


HERBERT 


BRUCE COOK 



AN INSTANTANEOUS AC VOLTAGE AND WAVEFORM 



STABILIZER 



by 

Herbert Bruce Cook 

/> 

Lieutenant, United States Navy 



Submitted in partial fulfillment 
of the requirements 
for the degree of 
MASTER OF SCIENCE 
in 

ENGINEERING ELECTRONICS 



United States Naval Postgraduate School 
Monterey, California 
1954 



Library 

U. S. Naval Posi.T-aduate *chwfc| 
Mont» oy, Ca’ifotnia 



This work is accepted as fulfilling 
the thesis requirements for the degree of 



MASTER OF SCIENCE 
in 

ENGINEERING ELECTRONICS 



from the 

United States Naval Postgraduate School 



PREFACE 



Today there are many uses for large quantities of AC power of constant 
voltage amplitude and pure voltage waveform. This paper contains the de- 
tails of an investigation into an inexpensive and reliable method for 
providing a large amount of stabilized AC power. In the systems described, 
the major portion of the power supplied to the load comes from the power 
lines, with the stabilizer supplying or absorbing power as the input line 
voltage may require. Although al] of the investigation was made for a 
power line frequency of 60 cycles per second, there is very little reason 
why similar devices could not be employed for other power line frequencies, 
in particular, 400 cycles per second. In the discussion that follows, men- 
tion is made of all components that would require changing for a power line 
frequency different from 60 cycles per second. 

The major portion of the preliminary work on the stabilizer was accomp- 
lished during the writer's commercial laboratory term spent at the Hewlett 
Packard Company, Palo Alto, California. The author wishes to acknowledge the 
helpful assistance provided by Dr. Barney Oliver, Mr. Brunton Eauer, who sug- 
gested the subject, and Mr. Bruce Whooley of the Hewlett Packard Company. 
Grateful acknowledgment is also made of the editorial criticism and comments 
by Professor J. J. Downing, Jr., of the Naval Postgraduate School. 
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SUMMARY 



A brief general discussion is given of the uses for which precision 
AC voltage and waveform stabilizers are required. This discussion is 
followed by a description of the four types of stabilizers that have been 
designed and the good and bad features of each. Choosing the buck-boost 
control system as the preferred type, the basic theory of such a system 
in its various forms is discussed. The theory is given for obtaining a 
constant voltage reference source by heavy clipping of the input sine 
wave voltage. Circuit diagrams, analysis, and actual performance of the 
stabilizer in its three forms are given. Also included are recommended 
systems for improving the reference voltage stability and for obtaining 
a great increase in the power that the stabilizer can control. 
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I. INTRODUCTION 



Although many electrical devices consuming AC pover wil] function 
reasonably well with input voltage variations of plus or minus 15%, there 
are some purposes for which an AC voltage of constant amplitude and pure 
sinusoidal waveform is required. Typical applications are constant light 
sources in the field of applied optics, the calibration of AC instruments, 
X-ray diffraction cameras, high-precision selsyns, and microwave bridges. 

Depending upon the generating source and the power line loads, total 
harmonic voltage distortions of 5 to 15% are not uncommon — particularly in 
locations where heavy electrical machinery is operated. Much effort has 
been expended by the power companies in improving the voltage stability 
of the AC power delivered to their customers — not only because of the 
complaints of the more observant customers, but also because of the addi- 
tional revenue derived from maintaining a high average line voltage at 
the consumer delivery point. Unfortunately, very little can be done to 
improve the output waveform of an installed generator except to attempt to 
keep the loads on the three phases of the alternator balanced at all times. 
Considerable unbalance of the loads on each of the three phases may result 
in the circulation of third, fifth, and seventh harmonic currents, with 
a resultant high total harmonic distortion content for the AC power de- 
livered to the ultimate consumer. 

Since the average consumer can do very little about the voltage sta- 
bility and harmonic content of the AC power delivered to him on the power 
lines, his only recourse is to try to devise some means of reducing the 
voltage amplitude variations and total harmonic content of that AC power. 
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This reasoning has led to the development of several different AC voltage 
and waveform stabilizers that serve only to modify the delivered AC power. 
Although some of the development has been done in the United States, the 
major portion of the earlier work was done in England. 

The various types of stabilizers discussed by Maddock^ are: 

(1) Saturable transformers 

(2) Series-reactance control 

(3) Puck-boost control 

(A) Transductor 

The saturable transformer stabilizer suffers from waveform distortion, 
frequency sensitivity, and rrovides voltage amplitude stability of only 
about 1$, although it offers a means of controlling large amounts of power. 
The transductor stabilizer (a constant current device) suffers from severe 
waveform distortion, but provides regulation of about 0.1$ for up to several 
KVA of controlled power. The series-reactance stabilizer provides a fairly 
good output voltage waveform with an amplitude stability of 0.15$, and has 
been used to control up to 5 KVA, but it requires a special sensing diode 
that can be obtained only from the factory of the company manufacturing the 
device (Sorensen and Superior). On the other hand, buck-boost stabilizers 
have been built that provide a very good output voltage waveform ( < 1$ 
distortion), a voltage amplitude stability of 0.01$, and a controlled power 
of 1 KVA. In addition, the buck-boost stabilizer offers the advantage of 
almost instantaneous correction for changes in input voltage and/or waveform, 
whereas the other systems mentioned require from 10 to 20 cycles of the 
line frequency to adjust to shifts in input voltage. With proper design 
it is also possible to have the buck-boost stabilizer work over a wider 
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range of input frequency than is possible with any of the other types 
mentioned above, most of which are quite frequency sensitive because of 
the very principle of their operation. 

Since the buck-boost system offers so many advantages over the other 
types of stabilizers, further study of this method of voltage and wave- 
form stabilization seems to be indicated. The basic buck -boost block 
diagram is indicated in Figure 1. 

Defining the input and output voltages as E^ and E q respectively, 
and $ E Q as tha change in E 0 resulting from a change $ in input voltage 
E^, the fractional changes are JEj/E^ and JE 0 /E q , and the Stabilization 
Ratio is: 



S 



J E i /E i 





The value of S, always greater than unity, indicates the improvement in 
stability of the output voltage over the input voltage. 

A second characteristic that is of great importance in a stabilizer 
is its effective internal resistance, where 

R.* i V«o 

The functional performance of a stabilizer is completely defined by the 
values of S and R Q . 

There are at least three possible configurations that the buck-boost 
system may take; 



(1) Detector across the output 

(2) Detector across the input 
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1 

1 - XjAi 



( a ) Detector across stabilizer input 







5 z | | Sq| = 1 XqAo 

R 0 = - R 1 = -R* 

5 1 -f- XqAq 

( b ) Detector across stabilizer output 



Fisure 1. Basic 31ock Diagram For A Buck-Boost Stabilizer 
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(2) Detectors across the input and output 
Patchett^ discusses the various advantages and disadvantages of having 
the detector in positions (1), (2), and (3). 

For correction in output voltage due to changing load and/or changing 
input voltage, the best position for the detector is across the output of 
the stabilizer. For this position, Maddock^) derives the relations: 

S = 1 + x Q A q 

and Ho = -R* = -R 1 * 

1 + x Q A q s 

where: X Q - the fractional part of the output 
voltage taken by the detector and 
balanced against a reference vol- 
tage 

A 0 z total amplification given the error 
voltage resulting from (x 0 S Q - Sj.) 

R* r actual internal resistance of the 
stabilizer 

All of the buck-boost stabilizers emoloy essentially the same general 
principle of operation. The differences between the various successful 
stabilizers are essentially in the methods employed to obtain an error 
voltage that may be amplified and placed in series with the input voltage 
to keep the desired constant output voltage of pure waveform Obviously 
this procedure involves the possibility of hunting in the output voltage, 
since a change in output voltage is required before a correction voltage 
* Appendix I 
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can be developed. The methods by which the various stabilizers obtain 
an error voltage and prevent the output voltage from hunting are de- 
scribed in the following chapters. 
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II. NON-LINEAR SLEMSNT AC BRIDGES 



A non-linear element AC Bridge may be used to furnish a constant output 
reference voltage or to furnish an output error voltage whose magnitude and 
phase depend upon the change in the bridge input voltage. The theory in- 
volved in the latter usage, to provide an error voltage, is discussed in the 
following paragraphs. 

Non-linear elements in general can be divided into two classes. Class 
I includes those elements such as tungsten-filament lamps and barretters 
whose resistance increases with an increase in current. Class II includes 
those elements such as silicon carbide (Thyrite) and carbon- filament lamps 
whose resistance decreases with an increase in current. Although the Ther- 
mistor exhibits both positive and negative slopes on its voltage-current 
characteristic, it is generally considered to fall in Class II because it 
exhibits a negative slope over the major portion of its characteristic. 

To avoid the changes in average or peak value caused by the presence 
of harmonic components in the output voltage, Patchett^) shows that it is 
highly desirable to maintain the RMS value or the fundamental component of 
the output voltage constant in high precision stabilizers. Figure 2 shows 
a bridge with resistor arms R^, R2, R3, and R^, One or more of these re- 
sistor arms must employ a Class I or Class II non-linear element in order 
for the bridge to be voltage-sensitive. Only those non-linear elements 
whose action is not instantaneous can be employed satisfactorily in this 
type of bridge, since the resistance variation should not follow the voltage 
variation throughout a cycle. 

In all of the satisfactory non-linear devices! carbon and tungsten 
filament lamps, barretters, saturated diodes, and Thermistors, the non-linear 
action is brought about by temperature changes and there is, consequently, 
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Flyura 2. ija3ic Resistor Bridge 




Figure 3 . Volta^e-Bensit ive Bridge 
Two Non-Linear Ble-nents 



uploy in 3 
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